SEMICONDUCTOR DEVICE 



BACKGROXJND OF THE INVENTION 
The present invention relates to a semiconductor device 
5 in which a stack of semiconductor chips is mounted on a wir- 
ing board . 

Recently, to downsize electronic units and improve the 
reliability thereof, a semiconductor device in which multiple 
semiconductor chips are included in one package has been in 
10 high demand. In view of this, to realize high performance and 
high packaging density, a semiconductor device (an LSI pack- 
age) made by stacking a plurality of semiconductor chips on a 
wiring board has attracted more and more attention. 

Hereinafter, a known semiconductor device will be de- 
ls scribed with reference to the drawing. 

FIG. 6 shows a cross-sectional structure for a known 
semiconductor device with a stack of LSI chips. As shown in 
FIG. 6, first and second LSI chips 102 and 103 are secured to 
each other on a wiring board 101 so that the non-circuitry 
20 sides of these, chips 102 and 103 face each other, i.e., so 
that the top of the chip 102 faces the bottom of the chip. 
103. 

The circuitry side of the first LSI chip 102 faces the 
principal surface of the wiring board 101 and is electrically 
25 connected to the wiring board 101 via raised electrodes 104. 
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In other words, the first LSI chip 102 is flip-chip bonded to 
the wiring board 101. External electrodes 105 on the cir- 
cuitry side of the second LSI chip 103 are electrically con- 
nected to the wiring board 102 via metal fine wires 106. 

5 However, in the known semiconductor device, because of 

recent remarkable increase in number of pins in an LSI chip, 
the external electrodes 105 on the second LSI chip 103 are 
often located almost right over the raised electrodes 104 on 
the first LSI chip 102 as viewed vertically downward from 

10 over the principal surface of the wiring board 101. Thus, 
during a wire bonding process in which the external elec- 
trodes on the second LSI chip 103 are bonded to the wiring 
board 101, if a load is applied downward vertically to the 
principal surface of the wiring board 101 with a bonding jig, 

15 the raised electrodes 104 and surrounding portions thereof 
(which will be herein referred to as "flip-chip bonding ter- 
minals") are mechanically damaged. As a result, the electri- 
cal connection between the first LSI chip 102 and wiring 
board 101 via the raised electrodes 104 deteriorates due to 

20 the mechanical damage or the bonding terminals might be 
crushed. That is to say, if the thicknesses of the LSI chips 
102 and 103 are reduced to 300 /.im or less to meet the demand 
of thinning a semiconductor device, it should be difficult 
for the thinner LSI chips 102 and 103 to internally attenuate 

25 the load applied thereto by the bonding jig- 
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In addition/ even if a low-melting metal with a mechani- 
cal strength greater than that of a conductive adhesive or 
resin is used for the raised electrodes 104, the- mechanical 
strength of the bonding terminals will not increase so much 
5 as compared to the bonding terminals made of the conductive 
adhesive or resin. This is because the size of the raised 
electrodes 104 is several tens fJLva at the most. 

Further / the first and second LSI chips 102 and 103 are 
secured together so that their non-circuitry sides face each 
10 other. Thus, it is difficult to mount a stack of three or mo- 
re LSI chips on one wiring board 101- Accordingly, it is not 
so easy for the know techniques to further improve the per- 
formance and further increase packaging density. 

IS SUMMARY OF THE INVEKTIOM 

It is therefore an object of the present invention to 
solve these problems of a semiconductor device with a stack 
of multiple semiconductor chips. Specifically, a first object 
of the present invention is to establish more reliable elec- 

20 trical connection by suppressing the deterioration of the 
flip-chip bonding terminals during a wire bonding process. A 
second object of the present invention is to get three or 
more semiconductor chips mounted on a wiring board. 

To achieve the first object, a first inventive semicon- 

25 ductor device includes: a wiring board; a first semiconductor 
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chip, which has a circuitry side and a non-circuitry side 
that face each other vertically and which is electrically 
connected to the wiring board via a raised electrode, the 
circuitry side of the first chip facing the principal surface 

5 of the wiring board; and a second semiconductor chip, which 
has a circuitry side and a non-circuitry side that face each 
other vertically and which includes an external electrode on 
the circuitry side thereof. The non-circuitiry sides of the 
first and second semiconductor chips are secured to each 

10 other. The external electrode of the second semiconductor 
chip is connected to the wiring board via a metal fine wire. 
The external and raised electrodes are so disposed as not to 
overlap each other as viewed vertically downward from over 
the principal surface of the wiring board. 

15 In the first inventive semiconductor device, the exter- 

nal and raised electrodes are so disposed as not to overlap 
each other as viewed vertically downward from over the prin- 
cipal surface of the wiring board. Thus, the load applied to 
the external electrode during a wire bonding process does not 

20 propagate to a flip-chip bonding terminal on the first semi- 
conductor chip so easily. As a result, electrical connection 
does not deteriorate at the flip-chip bonding terminal. 

To achieve the second object, a second inventive semi- 
conductor device includes: a wiring board; a first semicon- 

25 ductor chip, which has a circuitry side and a non-circuitry 
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side that face each other vertically and which is electri- 
cally connected to the wiring board via a raised electrode, 
the circuitry side of the first chip facing the principal 
surface of the wiring board; and at least second and third 

5 semiconductor chips, each of which has a circuitry side and a 
non-circuitry side that face each other vertically and each 
of which includes an external electrode on the circuitry side 
thereof o The non-circuitry sides of the second and third 
semiconductor chips are secured to the non-circuitry side of 

10 the first semiconductor chip. The external electrodes of the 
second and third semiconductor chips are connected to the 
wiring board via metal fine wires. 

In the second inventive semiconductor device, the non- 
circuitry sides of the second and third semiconductor chips 

15 are secured to the non-circuitry side of the first semicon- 
ductor chip. Thus, a stack of three or more semiconductor 
chips can be mounted on the wiring board. As a result, high 
performance and high packaging density are realized. 

To obtain the second object, a third inventive semicon- 

20 ductor device includes? a wiring board; at least first and 
second semiconductor chips, each of which has a circuitry 
side and a non-circuitry side that face each other vertically 
and each of which is electrically connected to the wiring 
board via a raised electrode, the circuitry sides of the 

25 first and second chips facing the principal surface of the 
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wiring board; and a third semiconductor chip, which has a 
circuitry side and a non-circuitry side that face each other 
vertically and which includes an external electrode on the 
circuitry side thereof. The lion-circuitry side of the third 
5 semiconductor chip is secured to the non-circuitry side of 
the first semiconductor chip and/or the non-circuitry side of 
the second semiconductor chip. The external electrode of the 
third semiconductor chip is connected to the wiring board via 
a metal fine wire. 

10 The third inventive semiconductor device includes at 

least the first and second semiconductor chips which are 
electrically connected to the wiring board via raised elec- 
trodes. In this device / the non-circuitry side of the third 
semiconductor chip is secured to the non-circuitry side of 

15 the first semiconductor chip and/or the non-circuitry side of 
the second semiconductor chip. Thus, a stack of three or more 
semiconductor chips can be mounted on the wiring board. As a 
result, high performance and high packaging density are real- 
ized. 

20 In the second or third semiconductor device, the exter- 

nal and raised electrodes are preferably so disposed as not 
to overlap each other as viewed vertically downward from over 
the principal surface of the wiring board. Then, the load ap- 
plied to the external electrode during a wire bonding process 

25 does not propagate to a flip-chip bonding terminal on the 
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first semiconductor chip so easily- As a result > electrical 
connection does not deteriorate at the flip-chip bonding ter- 
minal. Thus, the first object is also accomplished - 

In one embodiment of the present invention, the raised 
5 electrode(s) and the wiring board may be secured to each 
other with a conductive adhesive. Then, the raised elec- 
trode(s) and the wiring board can be bonded together with the 
conductive adhesive at a relatively low temperature of about 
lOCC. Thus, no thermal stress is created in the first (or 
10 second) semiconductor chip or the wiring board. As a result, 
no mechanical damage is caused due to bending of the chip or 
the board. 

Alternatively, the raised electrode(s) and the wiring 
board may be secured to each other with a low-melting metal . 

15 Then, bonding strength increases between the wiring board and 
the first (and second) semiconductor chip(s)- 

As another alternative, the raised electrode(s) may be 
in direct contact with (an) interconnector electrode(s) 
formed on the wiring board. Then, even if the raised elec- 

20 trodes are arranged at a narrow pitch on the first (and sec- 
ond) semiconductor chip(s), no electrical short circuit will 
be caused by any adhesive. As used herein, the interconnector 
electrodes are parts of the wiring on the wiring board and 
are bonded to the raised electrodes . 

25 
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BRIEF DESCRIPTIOM OF THE DRAWINGS 
FIGS. lA and IB show a semiconductor device according to 
a first embodiment of the present invention: FIG. lA is a 
cross-sectional view of the device and FIG. IB is a partial 
5 plan view thereof. 

FIGS. 2A through 2D are plan views illustrating exem- 
plary positions of second LSI chips having various shapes or 
sizes for the semiconductor device of the first embodiment. 

FIG. 3 is a partial cross-sectional view showing the di- 
10 rections and magnitudes of the loads applied during a wire 
bonding process for a cross section taken vertically to the 
principal surface of a stack of LSI chips for the semiconduc- 
tor device of the first embodiment. 

FIG. 4 is a cross-sectional view of a semiconductor de- 
15 vice according to a second embodiment of the present inven- 
tion. 

FIG. 5 is a cross— sectional view of a semiconductor de- 
vice according to a third embodiment of the present inven- 
tion. 

20 FIG. 6 is a cross-sectional view of a know semiconductor 

device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

EMBODIMENT 1 

25 A first embodiment of the present invention will be de- 



8 




scribed with reference to the drawings. 

FIGS. lA and IB show a semiconductor device according to 
the first embodiment of the present invention. FIG. lA illus- 
trates a cross-sectional structure of the device and FIG. IB 
5 illustrates part of a planar layout thereof. 

As shown in FIGS. lA and IB, the semiconductor device 
lOA of this embodiment includes: a wiring board 11 of a glass 
epoxy, which is an epoxy resin containing fiberglass; and 
first and second LSI chips 12 and 13 mounted on the wiring 
10 board. Multiple semiconductor elements have been integrated 
in each of the first and second LSI chips 12 and 13. 

The first and second LSI chips 12 and 13 are secured to 
each other with an adhesive , for example, so that the non- 
circuitry sides of the first and second LSI chips 12 and 13 
15 face each other. 

The circuitry side of the first LSI chip 12 faces the 
principal surface of the wiring board 11 and is electrically 
connected to the wiring board 11 via raised electrodes 
(bumps) 14 formed on the chip 12. In other words, the fist 
20 LSI chip 12 is flip-chip bonded to the wiring board 11- 

External electrodes (external terminals or pads) 15 on 
the circuitry side of the second LSI chip 13 are electrically 
connected to the wiring on the wiring board 11 via metal fine 
wires 16. 

25 In the semiconductor device lOA of the first embodiment. 
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the external electrodes 15 on the second LSI chip 13, which 
are electrically connected to the wiring board 11 via the 
metal fine wires 16, and the raised electrodes 14 on the 
first LSI chip 12 are so disposed as not to overlap each 
5 other as viewed vertically downward from over the principal 
surface of the wiring board 11. This direction will be herein 
referred to as a "perpendicular direction". 

According to this disposition, the raised electrodes 14 
are way off the direction in which a load applied to the ex- 

10 ternal electrodes 15 on the second LSI chip 13 by a bonding 
jig when the electrodes 15 are wire-bonded. As a result, the 
raised electrodes 14 are not mechanically damaged so much as 
to deteriorate the electrical connection at the flip-chip 
bonding terminals . 

15 As shown in FIG. 6, the raised electrodes 104 and exter- 

nal electrodes 105 are usually disposed along the periphery 
of the first and second LSI chips 102 and 103, respectively. 
Thus, if the LSI chips 102 and 103, stacked vertically over 
the wiring board 101, have their side faces almost aligned 

20 with each other as viewed perpendicularly downward from over 
the wiring board 101, the raised electrodes 104 and external 
electrodes 105 often overlap each other in their planar lay- 
out. 

In contrast, in the first embodiment, the side faces of 
25 the LSI chips 12 and 13, stacked vertically over the wiring 
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board 11, may be almost aligned with each other as viewed 
perpendicularly downward from over the wiring board 11. Even 
so, when the external electrodes 15 are wire-bonded, the load 
applied to the raised electrodes 14 should be attenuated. 

5 This is because the raised electrodes 14 and external elec- 
trodes 15 are so disposed as not to overlap each other as 
viewed perpendicularly - 

The gap between the wiring board 11 and first LSI chip 
12 is filled with a resin encapsulant (not shown). Further, 

10 the first and second LSI chips 12 and 13 and the metal wires 
16 are preferably molded together with the resin encapsulant. 
Then, the semiconductor device lOA can be protected from ex- 
ternal mechanical damage. In addition, it is also possible to 
suppress the degradation in electrical characteristics of the 

15 bonding terminals with time. 

Interconnects or external connector electrodes may be 
formed on either the surface of the wiring board 11, opposite 
to the surface for mounting the LSI chips 12 and 13 thereon, 
or any side face of the wiring board 11 to electrically con- 

20 nect the board 11 to a motherboard on which the semiconductor 
device lOA should be mounted. Conductive balls or pins may be 
disposed on, and connected to, the external connector elec- 
trodes . 

Further, the wiring board 11 preferably has a multi- 
25 level interconnect structure in which the electrical inter- 
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connections are made by vias . Then, even if the raised elec- 
trodes 14 are disposed at a narrow pitch on the first LSI 
chip 12, the wiring borard 11 is easily compatible with the 
first LSI chip 12 having such a structure • As a result, in- 
5 terconnects and electrodes to be connected to the motherboard 
can be arranged on the wiring board 11 more flexibly. 

The LSI chips 12 and 13 may be either memory or logic 
chips, for example. That is to say, the functions of the LSI 
chips 12 and 13 are not particularly limited. 

10 Hereinafter, it will be described in detail how to dis- 

pose the raised electrodes 14 and external electrodes 15 so 
that the electrodes 14 and 15 do not overlap each other as 
viewed perpendicularly from over the wiring board 11. 

Specifically, two methods are usable for this purpose. 

15 In one of the methods, the raised electrodes 14 and external 
electrodes 15 on the first and second LSI chips 12 and 13, 
respectively, are laid out so as not to overlap each other 
when the chips 12 and 13 are stacked one upon the other. In 
the other method, the positional relationship among the elec- 

20 trodes is not considered when the chips are designed. In- 
stead, in stacking the chips 12 and 13 one upon the other, 
the position of the second LSI chip 13 with respect to that 
of the first LSI chip 12 is finely adjusted in such a manner 
as not to overlap the electrodes 14 and 15. 

25 . For example, in the first method, the raised electrodes 
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14 and external electrodes 15 may be laid out so as not to 
overlap each other as viewed perpendicularly downward from 
over the chips 12 and 13 with the centers of the respective 
principal surfaces of the first and second LSI chips 12 and 
5 13 aligned with each other- Then, even if the locations of 
the raised electrodes 14 or external electrodes 15 to be 
wire-bonded shift to some degree, the electrodes 14 and 15 
still do not overlap each other when viewed perpendicularly 
from over the principal surface of the wiring board 11. 

10 Further, in the first method, the external electrodes 15 

on the second LSI chip 13 may be disposed to be located 
within a polygon whose vertexes are the raised electrodes 14 
on the first LSI chip 12 as shown in FIG. IB. Then, even if 
the locations of raised electrodes 14 shift to some degree, 

15 the raised electrodes 14 and external electrodes 15 still do 
not overlap each other as viewed perpendicularly from over 
the principal surface of the wiring board 11 . 

In the foregoing example, the first and second LSI chips 
12 and 13 are of almost the same shapes or sizes. Hereinaf- 

20 ter, a semiconductor device in which the first and second LSI 
chips 12 and 13 have mutually different shapes or sizes will 
be described with reference to the drawings. 

FIGS. 2A through 2D shows exemplary positional relation- 
ships between raised electrodes and external electrodes in 

25 various situations where the second LSI chip has a different 
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shape or size from that of the first LSI chip in the semicon- 
ductor device of first embodiment. FIGS. 2A through 2D are 
planar layouts in which wiring board is not shown - 

In the example shown in FIG. 2A, the first and second 
5 LSI chips 12 and 13 are of almost the same shape or size. And 
the raised electrodes 14 are arranged along the periphery of 
the first LSI chip 12. As shown in FIG. 2A, the external 
electrodes 15 may be arranged along the periphery of the sec- 
ond LSI chip 13 and almost inscribed in the square formed by 

10 the raised electrodes 14 of the first LSI chip 12. 

In the example shown in FIG. 2B, the length of the sec- 
ond LSI chip 13 is smaller than that of the first LSI chip 
12. As shown in FIG. 2B, some external electrodes 15 of the 
second LSI chip 13 may be almost inscribed to three of the 

15 four sides of the square formed by the raised electrodes 14 
of the first LSI chip 12. 

In the example shown in FIG. 2C, the length of the sec- 
ond LSI chip 13 is smaller than that of the first LSI chip 
12. As shown in FIG. 2C, some external electrodes 15 of the 

20 second LSI chip 13 may be almost inscribed to a pair of oppo- 
site sides of the square formed by the raised electrodes 14 
of the first LSI chip 12. Although not shown, some external 
electrodes 15 may also be almost inscribed to a pair of adja- 
cent sides including a corner of the square formed by the 

25 raised electrodes 14. 
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In the example shown in FIG. 2D, the length and width of 
the second LSI chip 13 are smaller than those of the first 
LSI chip 12. As shown in FIG. 2D, some external electrodes 15 
of the second LSI chip 13 may be almost inscribed to one side 
5 of the square formed by the raised electrodes 14 of the first 
LSI chip 12. 

In any of the arrangement shown in FIGS. 2A through 2D, 
the external electrodes 15 and raised electrodes 14 do not 
overlap each other as viewed perpendicularly from over the 
10 chips. Consequently, the load applied to the external elec- 
trodes 15 during the wire bonding process does not propagate 
to the raised electrodes 14 so much. 

Hereinafter, it will be described with reference to FIG. 
3 how the load applied to an external electrode 15 on the 
15 second chip 13 during the wire bonding process propagates to 
a raised electrode 14. 

FIG. 3 shows the directions and magnitudes of the loads 
applied to the electrodes during the wire bonding process as 
vectors for; a cross section taken vertically to the principal 
20 surface of the stack of LSI chips. In FIG. 3, each member al- 
ready shown in FIG. 1 is identified by the same reference nu- 
meral and the description thereof will be omitted herein. 

As shown in FIG. 3, suppose a raised electrode 14A is 
disposed to form an angle of 3 0 degrees with a line extending 
25 vertically from an external electrode 15 on the chip 13 to 
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the surface of the second LSI chip 13. 

In this case, supposing the magnitude of the load ap- 
plied vertically downward is a component of the load ap- 
plied in the direction forming the angle of 3 0 degrees with 
the vertical direction is {(/" 3)/2}P, which is smaller than 
P. Further, as to the distance (propagation distance) between 
the external electrode 15 and raised electrode 14, suppose 
the distance between the external electrode 15 and a compara- 
tive raised electrode 14B located right under the electrode 
15 is L. The distance from the external electrode 15 to 
raised electrode 14A, forming the angle of 3 0 degrees with 
the line extending vertically from the electrode 15, is (2/V" 
3)L, which is (2/V" 3)L times as great as the distance L. Ac- 
cordingly, a decreased load is applied to the raised elec- 
trode 14A during the wire bonding process. As a result, the 
mechanical damage done on the flip-chip bonding terminals can 
be reduced. 

As described above, the flip-chip bonding terminals in- 
cluding the raised electrodes 14A receive a decreased load 
and are located farther away from the external electrodes 15. 
Thus, the mechanical damage done on the terminals during the 
wire bonding process can be reduced. As a result, in the 
semiconductor device lOA of this embodiment, reliability im- 
proves greatly at the electrical bonding terminals . 

In the first embodiment, the raised electrodes 14A are 
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so located as to form an angle of 3 0 degrees with a normal 
for the surface of the external electrodes 15 . Alternatively, 
any other angle may be selected so long as the raised elec- 
trodes 14A can be mounted on the first LSI chip 12. 

5 

EMBODIMENT 2 

Hereinafter, a second embodiment of the present inven- 
tion will be described with reference to the drawings. 

FIG. 4 illustrates a cross-sectional structure of a 
10 semiconductor device according to the second embodiment. In 
FIG. 4, each member already shown in FIG. 1 is identified by 
the same reference numeral and the description thereof will 
be omitted herein. 

As shown in FIG. 4, the semiconductor device lOB of the 
15 second embodiment includes: a first LSI chip 12, which has 
been flip-chip bonded to a wiring board 11 via raised elec- 
trodes 14; and second and third LSI chips 13A and 13B, which 
have been mounted side by side on the first LSI chip 12. Ex- 
ternal electrodes 15 are so disposed on each of the second 
20 and third LSI chips 13A and 13B as not to overlap the raised 
electrodes 14 on the first LSI chip 12 as viewed perpendicu- 
larly from over the principal surface of the wiring board 11. 

As described for the first embodiment, two methods are 
usable for not overlapping the external and raised electrodes 
25 15 and 14 each other in their planar layout. Specifically, in 
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one of the methods, the electrodes on the first, second and 
third LSI chips 12, 13A and 13B are laid out so as not to 
overlap one another when the chips 12 and 13A or 13B are 
stacked one upon the other. In the other method, in mounting 
5 the second or third LSI chip 13A or 13B on the first LSI chip 
12, the position of the chip 13A or 13B with respect to that 
of the chip 12 is finely adjusted in such a manner as not to 
overlap the electrodes 14 and 15. 

In the second embodiment, the mechanical damage done on 

10 the flip-chip bonding terminals between the first LSI chip 12 
and wiring board 11 can be reduced when the second and third 
LSI chips 13A and 13B are wire-bonded. Further, since the de- 
vice of the second embodiment includes the second and third 
LSI chips 13A and 13B, the device can have its performance 

15 and packaging density greatly improved in the device of the 
second embodiment compared to that of the first embodiment. 

The second and third LSI chips 13 A and 13B may be laid 
out as in the example shown in FIG. 2D, considering the 
difference in shape or size between the chips. 

20 Two chips are not necessarily laid out at the second 

level. Alternatively, three or more second-level chips may be 
mounted on the LSI chip 12 at the first level. 

EMBODIMENT 3 

25 Hereinafter, a third embodiment of the present invention 
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will be described with reference to the drawing. 

FIG. 5 illustrates a cross-sectional structure of a 
semiconductor device according to the third embodiment. In 
FIG. 5^ each member already shown in FIG. 1 is identified by 
5 the same reference numeral and the description thereof will 
be omitted herein. 

As shown in FIG. 5^ the semiconductor device IOC of the 
third embodiment includes: first and second LSI chips 12A and 
12B, which have been flip-chip bonded to a wiring board 11 

10 via raised electrodes 14; and a third LSI chip 13, which has 
been mounted on the first and second LSI chips 12A and 12B to 
overlap with the chips 12A and 12B. External electrodes 15 
are so disposed on the third LSI chip 13 as not to overlap 
the raised electrodes 14 on the first and second LSI chips 

15 12A and 12B as viewed perpendicularly from over the principal 
surface of the wiring board 11. 

To avoid the overlap of the external and raised elec- 
trodes 15 and 14 in their planar layout, two methods are us- 
able. Specifically, in one of the methods, the electrodes on 

20 the first, second and third LSI chips 12A, 12B and 13 are 
laid out so as not to overlap one another when the chips 12A 
or 12B and 13 are stacked one upon the other. In the other 
method, in mounting the third LSI chip 13 on the first and 
second LSI chips 12A and 12B, the position of the third LSI 

25 chip 13 with respect to those of the first and second LSI 
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chips 12A and 12B is finely adjusted in such a manner as not 
to overlap the electrodes 14 and 15 . 

In the third embodiment, the mechanical damage done on 
the flip-chip bonding terminals between the first LSI chip 
5 12A and wiring board 11 and between the second LSI chip 12B 
and wiring board 11 can be reduced when the third LSI chip 13 
is wire-bonded. Further, since the device of the third em- 
bodiment includes the first and second LSI chips 12A and 12B, 
the device can have its performance and packaging density 

10 greatly improved compared to the first embodiment. 

Two chips are not necessarily disposed at the first 
level. Alternatively, on three or more chips at the first 
level, an LSI chip at the second level may be mounted. Fur- 
ther, multiple LSI chips may be also disposed at the second 

15 level. 

In addition, the LSI chip at the second level does not 
have to overlap with all of the LSI chips at the first level. 
Alternatively, the LSI chip at the second level may overlap 
with at least one of the LSI chips at the first level - 

20 In the first through third embodiments, if a conductive 

adhesive is used for the flip-chip bonding terminals between 
the wiring board 11 and first LSI chip 12, the board 11 and 
chip 12 can be bonded together when heated to a temperature 
of about 100**C. Thus, no thermal stress is created in any of 

25 the LSI chips 12 and 13 or the wiring board 11, and the chips 
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12 and 13 and wiring board 11 do not bend. As a result, no 
mechanical damage is caused by the heat treatment. 

In the first through third embodiments, if a low-melting 
metal, e.g., an alloy containing lead and tin or an alloy 
5 containing silver (Ag), bismuth (Bi), nickel (Ni) and zinc 
(Zn), is used for the raised electrodes 14, the bonding 
strength increases compared to other bonding methods . 

Further, in a situation where the raised electrodes 14 
are directly connected to interconnector electrodes on the 
10 wiring board 11, i.e., the first LSI chip 12 is flip-chip 
bonded to the wiring board 11, even if the electrodes 14 are 
arranged at a narrow pitch on the first LSI chip 12, no elec- 
trical short circuit will be caused by any adhesive. 
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